Abstract. Free highly active antiretroviral therapy (HAART) was made available by The Department of Health since April 1997. As a result, the incidence rate of tuberculosis (TB)/human immunodeficiency virus (HIV) co-infection among HIV cases rose from 1.90% to 3.82% during 1993 to 1998 and decreased from 3.82% to 0.94% during 1998 to 2006. The incidence rate of TB/HIV co-infection among HIV cases reached its peak in 1998 and then started to reverse, although the next year the TB disease burden (incidence rate: 62.7 cases per 100,000 persons) remained consistently high, and this continued in the following years . The survival rate of TB/HIV co-infection cases was 62.16% during the period 1993-1996 (pre-free HAART era) and increased to 86.60% during the period 1998-2006 ( P < 0.0001) (post-free HAART era). Highly active antiretroviral therapy decreased the incidence rate of new TB/HIV co-infection cases among HIV cases and increased the survival rate of TB/HIV co-infection cases.
The World Health Organization (WHO) claimed that the most threatened and severe infectious diseases were thought to be human immunodeficiency virus (HIV), tuberculosis (TB), and malaria. The number of people living with HIV was 33.2 million in 2007. 1 Estimation was made that around onethird of the world population have been infected at least one time with tuberulosis. 2 In 2005, there were 2 billion latent infection and 8.8 million new cases of TB. 1 For an infected TB person, there is approximately a 5-10% chance of development of TB disease. [2] [3] [4] Around 9% of TB cases in the world's population occur simultaneously with HIV. 4, 5 In Africa, the simultaneous occurrence of TB and HIV once increased to 31%, 4, 5 and this co-infection relationship has existed for years. 4, 6 One of the leading causes of death in HIV patients was a result of the opportunistic infection by tuberculosis. 7, 8 Highly active antiretroviral therapy (HAART) is thought to be a tool for improving HIV patients survival probability. [9] [10] [11] [12] Our study analyzed the impact of HAART on the co-infection of TB and HIV cases by comparing the pre-era and post-era of implementing free HAART after 9 years in Taiwan.
We analyzed data collected from the nationwide database of TB cases during the period 1993-2006 and HIV patients during the period 1984-2006 from Centers for Disease Control, Department of Health, Taiwan. The definition of a TB case is either of the following: sputum smear-positive or sputumculture positive or clinical diagnosis. Persons with a positive Western blot test were defined as HIV cases . The HIV infected case with diagnosis as a TB infectious case in a later stage was recognized as a TB/HIV co-infection case in this study. Figure 1 shows the estimated incidence rate of TB, HIV, and of TB/HIV co-infection . The incidence rate of TB was defined as the new TB cases in the same year divided by the total number of general population in the mid-year. The rate of HIV was defined as the number of HIV cases divided by the total number of general population in the mid-year. The incidence rate of new TB/ HIV co-infection was the number of new TB/HIV co-infection cases divided by the number of HIV cases in the same year. The Kaplan-Meier method was used to calculate the survival probability of HAART in TB/HIV co-infection cases after onset of 1 year. To evaluate the impact of HAART, the survival probability from two different time intervals (1993-1996 and 1998-2006) were involved for comparison. The reason why we use these two periods is that free HAART was started in April 1997 in Taiwan. At the initial stage, health care workers and patients did not completely understand the policies and relative implementation during the first year. Thus, the consideration was made mainly at the beginning year of HAART which allowed health care workers to have a period for adjustment of the regulation . The results showed that the survival rate of TB/HIV co-infection cases were 62.16% during the period 1993-1996 (pre-free HAART era) and 86.60% during the period 1998-2006 (post-free HAART era) with a significant difference between the periods ( P < 0.0001) ( Figure 2 ).
Taiwan implemented a national health insurance system in 1995, allowing civilians to be accessible to the medical treatment, which included HAART. The rate of TB/HIV co-infection reached its peak in 1998 and started to reverse the next year, and even the TB disease burden (incidence rate: 62.7 cases per 100,000 persons) remained consistently high in the following years. This indicated that the risk of original latent TB infection transfers into an active type or acquisition of new TB infection highly increased for those HIV+ cases. 13 Therefore, HAART was thought to decrease the incidence rate of new TB/HIV co-infection cases among HIV cases and increase the survival rate of TB/HIV co-infection cases in Taiwan. Many studies show that the highly concentrated HIV virus is thought to lower the function of the immune system, leading to activation of latent TB and increasing the risk of infection.
14 The HAART can effectively lower the opportunity infections, such as TB of HIV patients. [15] [16] [17] [18] The anti-HIV drug is thought to be one of the best methods to suppress the viral activity. Once the virus is completely suppressed, the immune system can be selfconstructed, which lowers the chance of activating latent TB or opportunity infection. The key element of reducing TB/HIV coinfection is based on the complete suppression of viral activity. In Taiwan, the treatment comprising only one or two anti-HIV drugs were not very effective before April 1997, because the frequency of anti-drug resistance is relatively higher due to its complexity and variation, such as mutagenic gene. The introduction of HAART has totally changed the situation since April 1997. Our study has some limitations because the data of CD4 count and viral load is not complete in the data warehouse. However, according to Dr. Huang's study 24 in Taiwan , HAART was thought to effectively increase the amounts of CD4 lymphocyte and lower the plasma viral load and virologic and immunologic response. 19, 20 The HAART can completely suppress most of the HIV viral activity of infected patients, which lowers the viral load to the bottom. Thus, it is thought to be an effective treatment. Many researchers have also shown that HAART can cause immune system self-reconstruction, lower viral load, recover the immunity of HIV patients, and increase survival rate. 21, 22 Moreover, it can lower the chance of activating latent TB or opportunity infection of TB, and decrease the incidence of TB/HIV co-infection and increase the survival probability of TB/HIV co-infection in Taiwan.
However, there are many factors that can decrease the incidence rate of new TB/HIV co-infection cases among HIV cases and increase the survival rate of TB/HIV co-infection cases in Taiwan, such as Directly Observed Treatment, Short course (DOTS), prevention of opportunity infection, attitude and knowledge of health care workers, promotion of health education, initiation of antimicrobial prophylaxis, accumulation of clinical experience in the management of AIDS-OIs, adverse effects of antiretroviral therapy, disease reporting and management system. 23, 24 The HAART is not solely responsible for the difference in Figure 1 and Figure 2 . According to our data, HAART may have had an impact on the incidence rate of new TB/HIV co-infection cases among HIV cases and survival probability of TB/HIV co-infection cases, but the size of the impact is hard to determine. HAART (1993 HAART ( -1996 is 62.16%. There was a significant difference in survival probability of TB/HIV co-infection cases between pre-free HAART era and post-free HAART era, P < 0.0001.
